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Featured Application: Between the ages of 13-15 it is important to modulate the training load
bearing in mind that physical improvements can vary significantly between individuals,
depending on factors such as genetics, diet, sleep and the specific type and intensity of training.
Monitoring of these variables must be done with care, keeping the health of the players as a top
priority. In addition, coaches and trainers should encourage a balanced view of these metrics,
encouraging players to focus on skill development and enjoyment of the sport rather than solely
on physical changes.

Abstract: (1) The purpose of this study was to compare the percentages of quarterly change for each
of the variables analysed (height, weight, body fat percentage and muscle mass) as a function of the
quarter in a sample of adolescent football players. (2) The sample consisted of young male football
players of different categories belonging to a high-performance football academy, (more than 5
years in football and have spent 1 full year at the academy). (3) Two-way repeated measures
ANOVA revealed for the anthropometric variable, P_value <0.001 (F =103.7; df =514), concluding
that the effect of quarter reaches conventional levels of statistical significance. The age is not
significant (p =0.97; F =0.44; df =1548). Taking into account the quarter effect by age the variables,
Body fat percentage and Muscle mass, show significant improvements (P_value < 0.001). The
quarterly perceptual change shows significant differences in weight, height and muscle mass
(P_value < 0.001). (4) Between 13-15 years, body composition scores improve. As the season
progresses, the rate of change slows down. It seems important to modulate the training load
according to the age-specific response, although these improvements may vary according to factors
such as genetics, diet, sleep and the specific training.

Keywords: young soccer players; changes; anthropometric measurements

1. Introduction

Football and all the parameters that affect performance (conditional, technical, tactical, age,
gender, etc.), have evolved over the years towards a more specific and individual work from the area
of professional performance and areas of training and talent detection [1]. However, few studies focus
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on the body composition (BC) variable for the direct assessment of performance in football and the
adaptations produced by the different training cycles during the season [2]. Although it is a relatively
recent assessment method, there are studies that attempt to define the individual characteristics of
players in terms of BC, somatotype and morphological proportionality [3,4]. At present, the BC and
anthropometric characteristics of young players are little considered in the selection of young football
players, as the focus is often placed on the skills that each individual has in their respective speciality
[5] or much more time is devoted to increasing the physical aptitudes of athletes without taking into
account the evaluation of their CC and nutritional status [6], even though we know that there are
currently differences in terms of physiological demands according to the position of the player and
with respect to their weight, height and body mass index (BMI) [7].

If we refer to the study of CC in football and its relationship with health and injuries, BMI is
commonly referred to instead of %BMG, however, it has been determined that abdominal fat and
circumference, as well as overweight indicated in %BMG are better discriminators of injury risk and
health status than BMI [8,9]. We should point out that BMI does not distinguish between fat-free
mass, where we include muscle mass (MM) or bone, and fat mass (FM), nor does it distinguish
between fat distribution, knowing that abdominal fat, especially intra-abdominal fat, and fat in the
gluteal-femoral region may even have a greater impact on health [10,11]. We can indicate that a high
body weight and an increase in %MG, with a greater impact on locomotor actions typical of football
such as running or jumping, create a mechanical stress on the joint system and the axial skeleton,
increasing the risk of injury [8-12]. Other authors who have related CC to injuries suffered by football
players have shown that the ratio of fat mass to bone mass of a body segment correlates inversely
with the risk of injury [8-13]. In this sense, we can indicate that low fat-free mass (FFM) values are
associated with low levels of strength, which leads to sports injuries [14]. Similarly, there is a
relationship between increased BMI and low %FMG values with an increased risk of injury for young
football players [15]. Finally, there is evidence that higher WM values and lower GM allow the player
to avoid traumatic injuries resulting from contact [16].

Generally speaking, CC is usually measured at the beginning of the pre-season period and then
monitored at regular intervals during the season, usually every 1-2-3 months [17]. The assessment of
CC is a fundamental aspect of the functional assessment of the human body in health, clinical and
physical performance [18]. The methods and frequency of QC assessment are numerous and of
varying complexity depending on the level of analysis, methods, number of compartments estimated
or quantified, resources available to the team, as well as their preferences. Currently, CC analysis
methods are divided into three groups: direct, indirect and doubly indirect. The direct method
involves cadaveric dissection and although it has excellent reliability, its application and usefulness
is very limited [19]. These methods are validated on the basis of the direct method or densitometry
and make it possible to measure/estimate body tissues [20]. Despite their high reliability, indirect
methods are not very accessible, limited and costly [21]. Double indirect methods were validated on
the basis of indirect methods and therefore have a very large margin of error when compared to
indirect methods [19]. However, in view of the high costs of indirect methods and methodological
sophistication, dual indirect methods such as anthropometry and BIA are gaining importance due to
their simplicity, safety, ease of interpretation and low cultural constraints [21].

In short, the control and evaluation of CC can be a key factor in football, as it can be used to
determine the degree of preparation of young players to assimilate training loads, to evaluate their
training capacity, as well as to evaluate the effectiveness of training programmes [22]. To compare
the percentages of quarterly change for each of the variables analysed (height, weight, body fat
percentage and muscle mass) as a function of the quarter in a sample of adolescent football players
and 2. To compare the percentages of quarterly changes as a function of the variables analysed
(height, weight, body fat percentage and muscle mass).

2. Materials and Methods

The CC evaluation was carried out during the 21-22 season (September-June) and always once
a month (Match Day -3 in the second week of each month). The assessment session was conducted in
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the same well-ventilated room with controlled temperature and humidity following the standard
food and fluid protocol so that they presented in a rested state, fasted overnight and hydrated before
the test. They were also asked to arrive with an empty bladder and bowel [23]. Subjects wore only
shorts during testing and removed any metal and jewellery prior to testing. They were asked to avoid
strenuous exercise, alcohol and any stimulants for 24 h prior to testing [24].

Participants

The sample consisted of young male football players of different categories belonging to a high-
performance football academy, with more than 5 years in the sport of football and who spent 1 full
year at the academy. Twelve players were excluded from the sample, of which seven were on a
temporary basis (days, weeks or months) and five players were injured for more than two months
during the intervention period. All players, parents and/or guardians, together with the academy
managers, were notified of the research design and its requirements, as well as the potential benefits
and risks prior to the start of the study, by providing and signing the informed consent form for
under-aged and over-aged players. Prior to the start of the study, the players were given the protocol
of the physical testing procedure and the corresponding training programme. In addition, it was
explained collectively in a group meeting and by means of audiovisual tools. They all voluntarily
accepted to participate in this study.

Material

A SECA® wall stadiometer (model 206, Hamburg, Germany) with an accuracy of 0.5 cm was
used to monitor height. For the control of body composition variables (weight, % fat and muscle
mass), a Tanita® (model MC-980MA PLUS, Arlington Heights, Illinois) was used for Bioimpedance
Analysis (BIA). Before the BIA measurement, the hands and feet of the participants were wiped with
an electrolyte wipe [24].

Data collection was always performed at the same time (7:45 am) and on a monthly basis. First,
the height was checked (without shoes) and then the height, age and sex data were entered into the
Tanita®, where the players were taken barefoot, fasting and without any metallic material [1]. The
QC was performed with the players standing with their feet in contact with the electrodes in the foot
area of the scale and their hands on the handles, placing their fingers in the standard locations [24].

3. Results

Two-way repeated measures ANOVA revealed for anthropometric variable (Table 1), P_value <
0.001 (F = 103.7; df = 514), so we can conclude that the effect of trimester reaches conventional levels
of statistical significance. Similarly, we can also conclude that anthropometric variable *age is not
significant (p = 0.97; F = 0.44; df = 1548). If we consider the effect of trimester x age, it can be found
how the BFP and Muscle mass variables show significant improvements (P_value < 0.001). Likewise,
trimestral perceptual change shows significant differences in weight, height and muscle mass
(P_value < 0.001), but not in the height variable.

Table 1. Results of the Repeated Measures Two Way ANOVA.

Effect of trimester Effect of trimester x age
F df P value F Df P value
Height (cm) 9.53 369 <0.001 1.08 740 0.37
Primary variables Weight (Kg) 118.65 369  <0.001 2.41 740 0.01
BEP (%) 48.73 428  <0.001 2.68 858 <0.001
Muscle mass (Kg) 11424 369  <0.001 4 470 <0.001
Height (%) 2.15 231 0.12 1.5 464 0.14
Trimestral Weight (%) 30.48 241  <0.001 0.67 484 0.75
perceptual change BEP (%) 14.36 236  <0.001 0.83 528 0.60
Muscle mass (%) 10.26 236  <0.001 0.85 474 0.58

The within-group analysis for trimester, the P_value is < 0.001, so anthropometric variable has
significant effect on subjects. Interaction anthropometric variable*age have not significant effect
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(P_value = 0.63). Regarding between-subjects analysis, in this case there were no significant
differences (p = 0.35).

In the following figures (Figures 1-4), you can see the percentage changes in each trimester
according to the age of the participants.
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Figure 1. Changes in Height (%) in each trimester according to participants age category.
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Figure 2. Changes in Weight (%) in each trimester according to participants age category.
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Figure 3. Changes in BFP (%) in each trimester according to participants age category.
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Figure 4. Changes in Muscle Mass (%) in each trimester according to participants age category.

4. Discussion

The purpose of this study was two-fold, to compare the trimestral change percentages for each
of the variables analyzed (height, weight, body fat percentage, and muscle mass) as a function of the
trimester in a sample of adolescent soccer players and to compare the trimestral change percentages
as a function of the variables analyzed. Several studies have reported seasonal variations in the
physical fitness and anthropometrical variables of young soccer players [25,26]. This study revealed
a significant improvement in all the anthropometrical indicators analyzed from the start to the end
of the season. However, it must be recognized that maturity state is a variable that can influence such
changes [25].

According to the results found in the present study, it is observed that from 13 to 15 years of age,
there are greater changes per quarter in the height of the players. As expected from a previous study
of European youth players [27], the highest increases in height and weight occurred when players
turned 14 years of age. When analyzing body composition, it was noticed an interesting nuance, as it
turns out that the peak gain in muscle mass occurs a year after the peak gain in body weight [26].
This is possible because fat mass decreases due to rapid growth and testosterone secretion increases
while muscle mass increases. Testosterone is known to reduce triglyceride synthesis [28]. Muscle
mass as a percentage of body weight improved from 3.09% at age 13 to 3.36% at age 15, which is
consistent with results for the general population [28,29]. According to [25], several physical fitness
variables such as limb movement speed, core strength, explosive power, running speed, agility,
cardiorespiratory endurance, and anaerobic capacity all show greatest development at peak height,
with weight and height gain occurring at the age of 13.8 years. Therefore, it is very relevant to prepare
physical exercise programs aimed at improving these physical capacities in this age range.

Based on the results shown in this study on BFP and muscle mass, it can be seen that there is a
reduction in the percentage of fat mass, to a greater extent in the first trimester, and an increase in the
percentage of muscle mass. It is worth noting that the decrease in BFP observed at this age was due
to athletes gaining muscle due to maturational development rather than losing fat mass [22,30]. This
fact is also consistent with the observations of Hannon et al (2020) [31] and to some extent
corroborates the idea that muscle mass is of greater importance for football player performance
throughout development than body fat, especially in young soccer players. In this sense, it is well
known that body composition, especially body fat percentage, can negatively affect aerobic and
anaerobic capacity, strength, power and speed as players advance in age [32,33]. Likewise, there is
evidence that muscle mass plays a vital role in improving physical performance.

In this sense, this study shows how the changes in each of the variables occur in a greater
proportion during the first trimester. As the season continues, the rate of change slows down. When
individuals start a new exercise program, especially one that includes medium and high intensity
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aerobic training (for instance, soccer), they often experience significant changes in anthropometric
variables such as body mass, body fat percentage, and muscle mass during the first few weeks (first
trimester) [34,35]. This is because the body has adapted to the new level of physical demand and
requires more advanced or intensive training to continue progressing [36]. Additionally, diet and
genetics can play a significant role in how these variables change over time [29]. It's also crucial to
remember that everyone's body responds differently to exercise, and individual results can vary.

This study had some limitations. To begin with, this study only incorporates anthropometric
variables and does not refer to their influence on the physical or sports performance of young players.
Therefore, it would be important to research into these correlations to better understand the changes
produced and their influence on physical development. On the other hand, it would be important to
know what type of training the players carry out at each of the ages in order to be able to discern if
the changes produced in each of the anthropometric variables may be influenced by it.

5. Conclusion

As a practical implication, this study showed that between the ages of 13 and 15, results in body
composition, improve in soccer players with a strong relationship with the increase in muscle mass
and decrease on body fat percentage due to growth development, and that changes in each variable
occurred to a greater extent in the first trimester. As the season progresses, the rate of change slows
down. Therefore, it seems important to modulate the training load based on the specific age response,
especially in young soccer players. However, it's important to note that these improvements can vary
significantly between individuals, depending on factors such as genetics, diet, sleep, and the specific
type and intensity of training. Monitoring these variables should be done with care, keeping the
players' health as the top priority. Also, coaches and trainers should foster a balanced view of these
metrics, encouraging players to focus on skill development and enjoyment of the sport rather than
solely on physical changes.
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